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INTRODUCTION 

Conversion of coa l  t o  an  environmentally acceptab le  u t i l i t y  f u e l  i s  a h igh  
p r i o r i t y  ob jec t ive  of t h e  Department of Energy. Work on seve ra l  processes designed 
t o  convert  coal t o  a low-sulfur,  low-ash l i q u i d  or s o l i d  f u e l  is in progress .  One 
such process  under development is t he  SYNTHOIL process  using d i r e c t  hydroliquefac- 
t i on .  A u n i t  of 1/2 t o n  of c o a l  s l u r r y  per day capac i ty  has been i n  opera t ion  f o r  
over  t h r e e  years,  and a l a r g e r  process development u n i t  of 1 0  tons  of coa l  pe r  day 
capac i ty  i s  under cons t ruc t ion .  The aqueous e f f l u e n t s  from a conceptually i n t e g r a t e d  
commercial SYNTHOIL p l a n t  a r e  reviewed i n  t h i s  p re sen ta t ion  and the a n a l y t i c a l  
resul ts  f o r  the one aqueous e f f l u e n t  a v a i l a b l e  from t h e  e x i s t i n g  1 / 2  t o n  p e r  day 
SYNTHOIL u n i t  a r e  presented. 

PROCESS DESCRIPTION 

Figure  l i s  a flow s h e e t  of t h e  SYNTHOIL process.  Hydrogen and a s l u r r y  of pul- 
ve r i zed  coa l  i n  a recyc le  oil a r e  preheated and passed through a turbulent-flow, 
fixed-bed reac tor  packed wi th  p e l l e t s  of Co-Mo/SiO2-Al2O3 c a t a l y s t .  
provides vigorous contac t ing  of t h e  gas-slurry mixture which l eads  t o  h igh  conversion 
i n  sho r t  res idence  time. 
a t  which condi t ion  coa l  is converted t o  l i q u i d  hydrocarbons whi le  s u l f u r ,  n i t rogen  and 
oxygen a r e  e l imina ted  as HzS, NH3 and H20 r e spec t ive ly .  
r e a c t o r  is cooled to  250' F and l e d  t o  a gas disengager where l i q u i d s  and unreacted 
s o l i d s  a r e  separated from gases and vapors. The l i q u i d  stream is passed through a 
c e n t r i f u g e  t o  remove t h e  unreac ted  s o l i d s  cons i s t ing  of mineral  mat te r  and uncon- 
ve r t ed  coa l .  The cent r i fuged  l i q u i d  is a low-sulfur, low-ash f u e l  o i l .  A po r t ion  
of t he  whole cent r i fuged  l i q u i d  is recycled t o  convey more coa l  i n t o  the  p l a n t  whi le  
t h e  rest of i t  is a v a i l a b l e  as t h e  n e t  product.  
is obtained by pyrolyzing t h e  s o l i d s  from t h e  cen t r i fuge .  The res idue ,  o r  char,  from 
pyro lys i s  i s  gas i f i ed  t o  produce hydrogen f o r  t h e  process.  

The turbulence  

The r e a c t o r  i s  operated a t  2,000 t o  4,000 p s i  and 450" C ,  

The product s t ream from the  

An a d d i t i o n a l  quan t i ty  of f u e l  o i l  

The gases f r o m t h e  gas  d isengager  a r e  contacted wi th  water at p l a n t  p ressure  t o  
d i s so lve  ammonium s u l f i d e ,  cooled and l ed  t o  a second gas disengager where t h e  scrub 
water and any organic  condensates a r e  separa ted  from gases. 
densa tes  is combined wi th  t h e  l i q u i d  products from t h e  f i r s t  gas disengager whi le  t h e  
aqueous l aye r  i s  a waste stream. In add i t ion  t o  t h e  scrub  water ,  this waste stream 
w i l l  a l s o  conta in  any water  going i n  wi th  coa l  or formed chemically dur ing  l iquefac-  
t i o n .  The gas from the  second disengager is f u r t h e r  p u r i f i e d  by washing wi th  an o i l  
t o  remove hydrocarbon vapors,  and then  with an  amine t o  remove a c i d  gases.  The pur i -  
f i e d  gas is combined wi th  make-up hydrogen and is recycled t o  t h e  r eac to r .  The gas 
p u r i f i c a t i o n  is conducted a t  t h e  p l a n t  pressure  t o  minimize t h e  cos t  of r ecyc l ing  t h e  
p u r i f i e d  gas. 
a conventional Claus p l a n t .  

The l aye r  of organic  con- 

The H2S recovered by amine wash i s  converted t o  e lementa l  s u l f u r  i n  

Resu l t s  from ope ra t ion  of a 1 / 2  ton per day SYNTHOIL u n i t  a r e  repor ted  in  (1,2,3). 
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AQUEOUS EFFLUENTS' 

The aqueous e f f l u e n t s  from a commercial SYNTHOIL p l a n t  w i l l  c o n s i s t  o f  t h e  
following : 

1. Rain run-off from t h e  c o a l  s to rage  and handl ing a rea ;  

2. 

3. 

Water evolved from c o a l  during drying and pu lve r i za t ion ;  

A combined s t ream of r e a c t o r  gas scrub water ,  t h e  r e s i d u a l  water 
i n  t h e  pu lve r i zed  c o a l  introduced i n t o  t h e  r e a c t o r ,  and t h e  
wa te r  produced chemically during coa l  hydrogenation; 

Gas scrub water  and chemically produced water from t h e  pyrolyzer  
f o r  t h e  cen t r i fuged  s o l i d ;  

4. 

5. Aqueous e f f l u e n t s  from t h e  char  g a s i f i e r  f o r  hydrogen product ion;  

6. A waste water  s t ream from t h e  Claus r eac to r .  

E f f luen t  1 w i l l  be obviously i n t e r m i t t e n t  wh i l e  e f f l u e n t s  2 t o  6 w i l l  b e  con- 
t inuous.  

E f f luen t s  from maintenance ope ra t ions ,  e.g. b o i l e r  blowdowns, demineral izer  d i s -  
charges,  cool ing tower blowdowns and sewage t reatment  f a c i l i t y  discharges a r e  n o t  in-  
cluded i n  t h i s  d i scuss ion .  

Rain Run-Off 

E f f luen t  1, t h e  r a i n  run-off,  w i l l  be s i m i l a r  t o  mine drainage which has  been a 
sub jec t  of considerable  r e sea rch  (4,5,6) .  The run-off w i l l  contain suspended coa l  
p a r t i c l e s ,  l eacha te s  from coa l ' s  mineral  mat ter ,  and s u l f u r i c  ac id .  I ron  p y r i t e ,  a 
mineral  almost always p re sen t  i n  c o a l ,  r e a c t s  with atmospheric oxygen i n  t h e  pre- 
sence of water  t o  form fe r rous  s u l f a t e  and s u l f u r i c  a c i d  according t o  t h e  following 
react ion:  

2FeS2 + 702 + 2H20 + 2FeS04 + ZH2S04 1 )  

Ferrous s u l f a t e  is n o t  a s t a b l e  product.  
with oxygen and s u l f u r i c  a c i d  as fol lows:  

It ox id izes  t o  f e r r i c  s u l f a t e  by r eac t ing  

4FeS04 + 2H2SO4 + 02 + 2 F e 2 ( S 0 ~ ) 3  + 2H20 2) 

Reaction 2 w i l l  appear t o  be welcome inasmuch a s  s u l f u r i c  ac id  is consumed the re in  
bu t  t h e  r e l i e f  is short- l ived:  
s u l f u r i c  ac id ,  t h e  former p r e c i p i t a t i n g  o u t  a s  "yellow boy". 

f e r r i c  s u l f a t e  hydrolyzes t o  f e r r i c  hydroxide and 

Fe2(S01+)3 + 6H20 + 2Fe(OH)3 + 3H2S04 3) 

The sequence of r e a c t i o n s  1, 2 and 3 is not  t h e  only mechanism f o r  t he  formation of 
s u l f u r i c  ac id .  I r o n  p y r i t e  may r e a c t  with oxygen, i n  t h e  absence of water,  as 
follows: 

FeS2 + 302 -+ FeS04 + SO2 4) 

The f e r rous  s u l f a t e  produced i n  r e a c t i o n  4 may con t r ibu te  t o  t h e  formation of su l -  
f u r i c  ac id  by way of r eac t ions  2 and 3. Ferrous s u l f a t e  may a l s o  be  formed by a re- 
a c t i o n  of f e r r i c  s u l f a t e  and i r o n  p y r i t e .  It has been claimed t h a t  microorganisms 
may have a r o l e  i n  t h e  formation of  s u l f u r i c  a c i d  from i r o n  p y r i t e  by ca t a lyz ing  one 
or more of t h e  above r e a c t i o n s  (6,7).  

157 



An obvious s o l u t i o n  t o  t h e  problem of t h e  r a i n  run-off from t h e  c o a l  s t o r a g e  
and handl ing  a rea  of a SYNTHOIL p l a n t  w i l l  be t o  s t o r e  and handle  coa l  under a shed. 
This  s o l u t i o n ,  however, may b e  too  c o s t l y  i n  which case the  run-off w i l l  be  t r e a t e d  
i n  t h e  same manner a s  a c i d  mine dra inage .  The most developed process  f o r  t r e a t i n g  
a c i d  mine dra inage  cons i s t s  o f  n e u t r a l g a t i o n  yt_Fh l i m e ,  o r  l imes tone ,  followed by 
a e r a t i o n  t o  f a c i l i t a t e  ox ida t ion  of Fe t o  Fe . The water i s  then  impounded i n  
a lagoon f o r  "yellow boy" t o  s e t t l e  ou t .  A 1  and Mg, f r equen t ly  p re sen t  as d isso lved  
s a l t s  i n  mine dra inage ,  a l s o  s e t t l e  o u t  as hydroxides.  The hydroxides of Fe, A l ,  
and Mg are very ge l a t inous  and b r ing  down wi th  them suspended p a r t i c l e s  of c o a l  o r  
any o t h e r  i n so lub le  matter. The c l ean  water, although f r e e  from t h e  contaminants 
o r i g i n a l l y  p re sen t  i n  i t ,  is now s a t u r a t e d  w i t h  calcium s u l f a t e  which has  a so lub i l -  
i t y  of about 0 .3  g/100 m l  of co ld  water. 
i n  n a t u r a l  waterways and p re fe rab ly  dur ing  pe r iods  of h igh  flow t o  f a c i l i t a t e  r ap id  
d i l u t i o n  of t he  calcium s u l f a t e .  The water may be rendered s u i t a b l e  f o r  i n d u s t r i a l  
use by secondary t rea tment ,  e.g. r eve r se  osmosis o r  ion-exchange, b u t  a t  a consider- 
a b l e  c o s t  as of now. 
d i r e c t l y  wi th  a c i d  mine dra inage  (8). 

Water From Coal Drying 

It i s  t h e r e f o r e  r e l eased  on ly  i n t e r m i t t e n t l y  

Reverse osmosis and ion-exchange have been inves t iga t ed  a l s o  

The feed  t o  a SYNTHOIL r e a c t o r  i s  a s l u r r y  of c o a l  i n  r e c y c l e  o i l .  For a s t a b l e  
s1urry;coal is pulver ized  t o  approximately 70 p c t  through 200 mesh and 100 p c t  through 
50 mesh,U.S.  s tandard s i eves .  E f f i c i e n t  pu lve r i za t ion  t o  t h i s  f i neness  i s  not prac- 
t i c a b l e  i f  coa l  conta ins  more than  3 p c t  moisture.  
t h i s ,  they  must be d r i ed  f o r  pu lve r i za t ion .  I n  i n d u s t r i a l  p r a c t i c e ,  d ry ing  and pul- 
v e r i z a t i o n  a r e  conducted s imul taneous ly  by pass ing  a h o t  gas  through t h e  pu lve r i ze r .  
The gas  a l s o  l i f t s  t h e  pu lve r i zed  c o a l  from t h e  m i l l i n g  chamber t o  a c l a s s i f i e r  from 
where t h e  ove r s i ze  p a r t i c l e s  are re turned  t o  t h e  m i l l  whi le  t h e  c o a l  of des i r ed  par- 
t i c le  s i z e  range i s  conveyed, by t h e  gas ,  t o  a cyclone sepa ra to r .  The cyclone separ- 
ates t h e  en t r a ined  c o a l  from t h e  gas,  a f t e r  which a p o r t i o n  of t h e  gas  is vented  t o  
purge moisture whi le  t h e  ba l ance  i s  mixed wi th  a supply of h o t  make-up gas  and re turned  
t o  t h e  pu lve r i ze r .  In  e s t ab l i shmen t s  of good housekeeping, t h e  gas i s  f i l t e r e d  through 
a baghouse before  vent ing .  

The SYNTHOIL process i s  des igned  p r imar i ly  f o r  h igh-su l fur  c o a l s  from t h e  e a s t e r n  p a r t s  
of t h e  United S t a t e s ,  which conta in  6 t o  12  p c t  moisture.  Assuming average mois ture  
con ten t s  of 8 p c t  and 3 p c t  i n  t h e  c o a l  be fo re  and a f t e r  p u l v e r i z a t i o n  r e spec t ive ly ,  
approximately 12,500 gph of w a t e r  w i l l  be r e l eased  from the  coa l  i n  a SYNTHOIL p l a n t  
process ing  25,000 tons  of c o a l  p e r  day. 
verized-coal-consuming p l a n t s  t o  condense and c o l l e c t  t h e  water r e l eased  by c o a l  dur- 
i n g  the combined dry ing  and p u l v e r i z a t i o n  opera t ion ,  i n  t h e  c o a l  l i q u e f a c t i o n  p l a n t s  
of t h e  f u t u r e  it may be  necessa ry  t o  c o l l e c t  t h i s  water t o  conserve t h e  resource .  
formation on t h e  contaminants t o  be expected i n  t h i s  water is n o t  a v a i l a b l e  bu t  i t  
may b e  surmised t h a t  t h e  condensed stream w i l l  conta in  p a r t i c u l a t e  contaminants and, 
poss ib ly ,  t r a c e s  of  o rgan ic  compounds r e l eased  from t h e  c o a l  a t  t h e  tempera ture  of 
dry ing .  

Reactor G a s  Scrub Water (Sour Water) 

Since most c o a l s  conta in  more than  

Although a t  p re sen t  no e f f o r t  i s  made i n  pul- 

In- 

The o r i g i n  of t h i s  e f f l u e n t  is expla ined  i n  t h e  s e c t i o n  on process  desc r ip t ion .  
I n  a d d i t i o n  t o  t h e  water i n j e c t e d  i n t o  t h e  gas  s t r e a m  t o  d i s s o l v e  o u t  ammonium s u l f i d e ,  
t h e  e f f l u e n t  w i l l  also con ta in  t h e  process  make water, organic  condensates,  and t h e  
en t r a ined  contaminants i n  t h e  r e a c t o r  gas. 
TPD SYNTHOIL un i t  is given  i n  t a b l e  1. For purposes of comparison, a n a l y s i s  of t h e  
i n f l u e n t  water i s  a l s o  inc luded  i n  t h e  t a b l e .  
where t h e  gas was scrubbed w i t h  d i s t i l l e d  water and t h e  o t h e r  where t h e  gas  was 
scrubbed wi th  a d i l u t e  s o l u t i o n  of NaOH i n  d i s t i l l e d  water. I n  each case ,  t h e  e f f l u -  
e n t  w a s  a n  emulsion which underwent a rap id  b u t  p a r t i a l  c l a r i f i c a t i o n  i n  2 t o  4 hours,  

An  a n a l y s i s  of t h i s  e f f l u e n t  from t h e  1/2 

Two sets of da t a  are presented ,  one 
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TABLE 1.- Analysis of SYNTHOIL r e a c t o r  gas  scrub  water (sour water )  

Gas Scrubbed With 
D i s t i l l e d  Water 

Group A Analyses I n f l u e n t  

To ta l  carbon, mg/l ............ 
Tota l  inorganic  carbon, mgll  .. 
Tota l  organic  carbon, mgll  .... 
Chemical oxygen demand (COD), 

mgll  ....................... 
Phenol, mgl l  ................. 
SCN; mg/l ..................... 
CN; mgl l  ..................... 
Suspended s o l i d s ,  mgl l  ........ 
pH- ........................... 
C1, mgll ..................... 
NH3, mgll .................... 
Biochemical oxygen demand (BOD), 

5-day, ppm ................. 
s, m g l l  ...................... 
Group B Analys is  

O i l  and grease ,  mgll  .......... - 

Eff luen t  

900 
150 
750 

8.200 
250 

29 

s4 

5 
2,500 

630 
3,800 

0.03 

8.4 

85 

Gas Scrubbed 
With a So lu t ion  
of NaOH i n  D i s t i l -  

l ed  Water 

I n f l u e n t  E f f luen t  ~- 
1 2  7,500 

6 140 
6 7,270 

27,200 
5,100 

90 

$2  

15 
3,000 

0.03 

8.7 

- 13,500 
410 4,300 

- 1,150 

a f t e r  which no f u r t h e r  c l a r i f i c a t i o n  was v i s u a l l y  de t ec t ab le .  
of t ab le  1, which extended over a per iod  of about a week, were conducted on a l i q u o t s  
drawn from t h e  water l a y e r  a f t e r  the  i n i t i a l  per iod  of r ap id  c l a r i f i c a t i o n .  For t h e  
group B ana lys i s ,  samples of t he  e f f l u e n t  were co l l ec t ed  d i r e c t l y  i n  q u a r t  jars and 
the  e n t i r e  conten t  of a j a r  w a s  l a t e r  analyzed a s  a s i n g l e  a l iquo t .  Thus, t h e  o i l y  
l aye r  which had sepa ra t ed  from water was inc luded  i n  the  a n a l y s i s  o f  t h i s  group. The 
ana lyses  were performed by t h e  methods recommended by the  American Pub l i c  Health Asso- 
c i a t i o n  (9).  The l i m i t s  of  d e t e c t i o n  and p r e c i s i o n  f o r  these  methods,where ava i l ab le ,  
are a l s o  given i n  r e fe rence  (9). 
t h e  sample was a c i d i f i e d  t o  remove H p S  and then  made a l k a l i n e  t o  remove NH3 before  
BOD determination. A comparison of t h e  r e s u l t s  ob ta ined  by scrubbing  the  gas  wi th  d is -  
t i l l e d  water and wi th  a s o l u t i o n  of NaOH i n  d i s t i l l e d  water shows t h a t  s i g n i f i c a n t l y  
more phenols and o the r  organic  compounds were scrubbed o u t  of t h e  g a s  by t h e  s o l u t i o n  
of NaOH than  by pure  water. 

The group A analyses  

S ince  NH3 and H1S i n t e r f e r e  wi th  BOD de te rmina t ion ,  

A survey of t h e  meta ls  i n  t h e  i n f l u e n t  and e f f l u e n t  i s  g iven  i n  t a b l e  2. The 
survey was conducted by spa rk  source  mass spectrometry.  
a t ed  onto  t h e  e l e c t r o d e  m a t e r i a l  (g raph i t e )  t o  g ive  a d e t e c t i o n  l i m i t  near 1 mg/l f o r  
most elements. The a n a l y s i s  i s  semiquan t i t a t ive  and reproducib le  t o  about a f a c t o r  
of th ree .  The concent ra t ions  of metals i n  t h e  i n f l u e n t  and e f f l u e n t  a r e  comparable, 
i nd ica t ing  t h a t  no s i g n i f i c a n t  amounts of meta l  compounds were scrubbed from t h e  gas 
stream. The na tu re  and concent ra t ion  of t h e  contaminants i n  t h e  gas  scrub  water w i l l  
of course depend on the  coa l  being processed and the  p l a n t  ope ra t ing  condi t ions .  The 
e f f l u e n t  whose a n a l y s i s  i s  repor ted  i n  t a b l e s  1 and 2 w a s  ob ta ined  from t h e  process- 
i ng  of a h igh-su l fur ,  hvBb c o a l  from Homestead mine, Kentucky, a t  450' C and 4,000 p s i .  
The i n f l u e n t  i n j e c t i o n  r a t e  w a s  1 l b  p e r  l b  of c o a l  feed. Thus, 250,000 gph of t h i s  
i n j ec t ed  water w i l l  b e  r e l eased  from a p l a n t  process ing  25,000 tons  of coa l  p e r  day. 

S u f f i c i e n t  sample was evapor- 
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TABLE 2.-Survey of metals in the SYNTHOIL 
reactor gas scrub water (sour water) 

Metal 

Na 
K 
Rb 
cs 

Ca 
Sr 
Ba 
T i  
Zr 
V 
Cr 
Mo 
Mn 
Fe 
co 
N i  
cu 
Zn 
Cd 
B 
A1 
Ga 
In 
s i  
Ge 
Sn 
Pb 
P 
As 
Sb 

- 

Mg 

- 

Concentration, mgll 
Distilled Water 

,Influent Effluent 

11 
0.2 

.:: 0.002 
0.0004 

d l  
0.1 
0.007 
0.007 - 

d 0.03 
0.01 
0.006 

-< 0.004 
0.01 
1 
0.02 
0.006 
0.1 
0.4 

4 0.02 
0.03 
0.2 

d 0.009 
5 0.003 
6 

S 0.007 
<O.Ol 
c 0.1 
1 
0.005 

.< 0.03 

12 
0.1 

0.0003 

0.1 
0.01 
0.01 

s 0.1 
6 0.01 
0.01 
0.01 

i 0 . 0 0 5  
0.01 

- 
4 7  

2 
0.002 
0.005 
0.1 
0.2 

6 0.006 
0.4 
0 .4  

.5 0.001 
4 0.001 

2 
6 0.002 
.< 0.006 
s 0.07 
2 
0.005 

,< 0.002 
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In  add i t ion  t o  the  i n j e c t e d  water, t h e  r e s i d u a l  moisture l e f t  in t h e  f eed  c o a l  a f t e r  
drying w i l l  emerge wi th  t h i s  stream. Since t h e  average moisture conten t  of t h e  d r i e d  
and pulver ized  coa l  w a s  assumed t o  be 3 p c t ,  approximately 8,000 gph of water w i l l  
come from t h i s  source.  The s t ream w i l l  a l s o  conta in  t h e  water  formed by the  r e a c t i o n  
of hydrogen wi th  t h e  oxygen i n  coa l .  The e a s t e r n  coa l s  t h a t  are l i k e l y  t o  be processed 
i n  a SYNTHOIL p l a n t  conta in  about 8 t o  12 p c t  oxygen. 
is e l imina ted  as water dur ing  hydrogenation. Assuming an average oxygen content  of 
10  p c t  i n  t h e  coa l  and 3 p c t  in t h e  product o i l ,  approximately 18,000 gph of chemi- 
c a l l y  formed water w i l l  be re leased .  Thus, t h e  r e a c t o r  gas scrub  water e f f l u e n t  stream 
w i l l  add up t o  a t o t a l  of about 276,000 gph. 
must be designed t o  accommodate changes i n  t h e  type  and concent ra t ion  of contamlnants 
with changes i n  feed  coa l .  

Pyrolyzer Gas Scrub Water 

However, n o t  a l l  of t h i s  oxygen 

The t rea tment  f a c i l i t y  f o r  t h i s  e f f l u e n t  

An ana lys i s  of t h e  cen t r i fuged  s o l i d s  obta ined  from t h e  process ing  of Homestead 
mine, Kentucky, coa l  in t h e  1/2 TPD u n i t  i s  given i n  t a b l e  3. Pyro lys i s  da t a  f o r  t h i s  

TABLE 3 . -  Analysis of cen t r i fuged  s o l i d s  

Solvent ana lys i s ,  w t  p c t  

Organic benzene in so lub le s  ................ 14.9 
Asphaltenes .............................. 3.1 
O i l  ...................................... 29.2 
Ash ...................................... 52.8 

Ultimate ana lys i s ,  w t  p c t  

Carbon .................................... 36.4 
Hydrogen ................................. 3.7 
Nitrogen .................................. 0.4 
Sul fur  .................................... 4.6 
Oxygen, by d i f f e rence  .................... 2.1 
Ash ....................................... 52.8 

s o l i d  are n o t  y e t  ava i l ab le ,  b u t  the a n a l y s i s  sugges ts  t h a t  cons iderable  q u a n t i t i e s  of 
NH3 and H2S w i l l  be formed dur ing  py ro lys i s ,  and t h e  pyro lyzer  off-gas w i l l  have t o  be 
scrubbed wi th  water t o  remove amonium s u l f i d e .  The water w i l l  a l s o  remove ta r  and 
en t ra ined  impur i t i e s  i n  t h e  gas. 

A SYNTHOIL p lan t  process ing  25,000 tons  of c o a l  p e r  day w i l l  gene ra t e  approxi- 
mately 6,000 tons  of cen t r i fuged  s o l i d s  in t h e  same t i m e .  
requirement f o r  t he  pyro lyzer  process ing  these  s o l i d s  a t  1 l b  pe r  l b  o f  s o l i d s  pyro- 
lyzed (c.f .  sc rub  water requirement of 1 l b  p e r  l b  of coa l  f o r  t h e  r e a c t o r  gas ) .  
approximately 62,500 gph of e f f l u e n t  w i l l  be re leased .  
determine i f  t h i s  e f f l u e n t  can be combined wi th  the  r eac to r  gas  e f f l u e n t  f o r  treatment. 

W e  e s t ima te  t h e  scrub  water 

Thus 
More informat ion  i s  needed t o  

The char from pyro lys i s  of t h e  cen t r i fuge  s o l i d s  w i l l  be  g a s i f i e d  t o  produce hy- 
drogen f o r  t h e  process  requirement. 
be washed with water t o  remove impur i t i e s  before  conver t ing  t h e  gas t o  pure H2 by t h e  
c l a s s i c a l  water-gas s h i f t  r eac t ion .  
composition of t h e  char  o r  i t s  g a s i f i c a t i o n  p rope r t i e s .  Consequently, no comment is 
p o s s i b l e  on t h e  contaminants i n  t h e  aqueous e f f l u e n t  from scrubbing of t h e  gas i f i ca -  
t i o n  products.  

The mixture of CO and H 2  from t h e  g a s i f i e r  w i l l  

A t  p r e sen t ,  no in format ion  is a v a i l a b l e  on t h e  
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Water From Claus Reactor 

The H2S recovered from t h e  amine scrubber ,  sou r  water s t r i p p e r ,  s o l i d s  pyro lyzer  
and t h e  hydrogen p l a n t  w i l l  be converted t o  s u l f u r  i n  a Claus p l a n t .  The r eac t ions  
involved i n  t h e  conversion of H2S t o  S by t h e  Claus process  a r e  t h e  following: 

3 
2 

H2S + - O 2  -+ SO2 + H,O 5)  

2H2S + SO2 -t 35 + 2H20 . 6) 

Reaction 6 -- known as t h e  "Claus reac t ion"  -- i s  ca ta lyzed  by bauxi te .  

For s to i ch iomet r i c  ca l cu la t ions ,  r eac t ions  5 and 6 may be  added t o  g ive  t h e  
fo l lowing  equat ion:  

7) 
3 3H2S + ?  0 2  3HzO . 

H2S and the  s to i ch iomet r i c  quan t i ty  of a i r  determined from equat ion  7 are in t ro -  
duced i n t o  a furnace .  
a c t s  wi th  t h e  remaining two-thirds o f  t h e  H2S t o  g ive  e lementa l  s. Although t h e  com- 
bus t ion  of one-third of t h e  H2S t o  SO2 is complete i n  t h e  furnace ,  t h e  formation o f  S 
by t h e  r eac t ion  of SO2 wi th  H2S proceeds t o  only p a r t i a l  completion i n  t h e  furnace.  
The product stream from t h e  furnace  i s  cooled i n  a w a s t e  hea t  b o i l e r  and then  i n  a 
condenser where the  product  S sepa ra t e s  ou t  as a l i q u i d .  The gases conta in ing  SO2 and 
HzS are rehea ted  and passed through a s e r i e s  of t h r e e  o r  four  c a t a l y t i c  Claus r e a c t o r s  
wi th  i n t e r s t a g e  cool ing  of t he  product stream t o  condense S and r ehea t ing  of the  unre- 
ac t ed  gases. 

One-third of t h e  H2S i s  thus  converted t o  SOL, which then  re- 

Overa l l  convers ion  e f f i c i e n c i e s  a s  h igh  as 98 p c t  have been claimed. 

It w i l l  b e  seen from equa t ion  7 t h a t  f o r  each mole of S a mole of water is 
formed. 
0.5 p c t  S and t h e  a s h  r e j e c t e d  from t h e  hydrogen p l a n t  conta ins  n e g l i g i b l e  S ,  t h e  
Claus un i t  of a SYNTHOIL p l a n t  process ing  25,000 tons  of coa l  p e r  day w i l l  produce 
approximately 5,500 gph of water. I n  add i t ion  t o  H2S, SO2 and S ,  t h e  water may con- 
t a i n  o the r  s u l f u r  compounds a s  contaminants (10). Furthermore, impur i t i e s  i n  t h e  feed 
t o  t h e  Claus p l a n t  may g i v e  rise t o  o t h e r  contaminants i n  t h e  e f f l u e n t  (11).  

Thus, i f  a c o a l  conta in ing  4 p c t  S is  be ing  processed t o  an  o i l  conta in ing  

CONCLUSIONS 

Aside from t h e  maintenance d ischarges ,  t h e r e  w i l l  be  six aqueous e f f l u e n t s  from 
a commercial SYNTHOIL p l a n t .  
which must be f i l l e d  i n  o rde r  t o  design t rea tment  f a c i l i t i e s  f o r  t h e  e f f l u e n t s .  
Seve ra l  of t h e s e  e f f l u e n t s ,  however, are n o t  y e t  ava i l ab le .  The a n a l y s i s  of a s o u r  
water  e f f l u e n t ,  ob ta ined  from a 1 / 2  TPD SYNTHOIL u n i t ,  i s  presented .  

A review of t hese  e f f l u e n t s  shows gaps i n  knowledge 
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